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3D&4D TomoSAR algorithm S
‘@IHEEE ?/b SAR data: &\\:esa
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distribution .
Velocity)

v (x,1,5)
is what we need to calculate
in our Inversion algorithm
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DEM generation by radargrammetr (s,
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Mean difference: 0.03 m, standard deviation: 7.4 m
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All co-registered with subpixel accuracy to
the reference master SAR image via

DEM(TDX-DEM 12m and SRTM DEM and
DEM from INSAR & Radargrammetry) as
control points; Simulation amplitude SAR

image based on master image orbit - j;f"
information and DEM in radar coordinate Sl e !“;,
system, then matching the master image, s
all other slave images with simulated SAR ws T e |
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image. In this way, all SAR images is co

registered based on DEM.

TanDEM-X 12m DEM data after hole
replacement, Noise Removal and Smooth
filtering
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Studied and developed Orbit algorithm to get baseline:

pixel by pixel baseline Orbit algorithm based on
precise time after co-registration with orbit information.

long range

along range

Single baseline Pixel by pixel baseline
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Q(n) is SLC data \ - Deramping compensation via external DEM
Starting from the orbit state vectors

g(n) = exp (j Ao Rn(O)) -Q(n) | and with respect to a reference DEM instead

‘ of compensating for the slant range from
the radar antenna phase centre to the

.4n . .
exp[—qf}gn phase centre of the image pixel, as
[ exp{_j%r}y(s)exp{jmns}ds atmosphere influence
S . ’?%,%\
p(&)= J._smax 7'(s)exp(j2né,s)ds %@b@

p(&)=exp(j-¢,)h,

Pn :_Tn[r_rn (O)] 4
'?@\s.o/‘-?q@'u
Q’//%

2019 DRAGON & SYMPOSIUM 2019 ZE “WitR]” WHIZAM TS

24-28 June 2019 | Ljubljana, Slovenia 2019 4E6H 24-28 H HHESCBIE S5Am /RHEAR



A Atmosphere correction {cesa

1) Spectrometers:
" RIS (Envisat) T 4
- MODIS (AQUA and TERRA) - Pressure (P)

- Water vapor (e)
2) Weather model : W~

E RA'I ( ECW F) And can be computed by integrating the refractivity N with height
-4r 1 h P e e
=————— | Ndh N =k, — k,—+k,—
MERRA bom = B wq] e geng]
MERRA2 ~N L/

constants

WRF
4) Phase-based :

- Uniform correction and Non-uniform correction David Bekaert 2016 ,

Zhenghong Li

5) GACOS (GPS + DEM + ECWEF high resolution) 2009,2010,2011, Davies
6) GPS

7) PS method
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—_— Interferometry for PS for atmosphere
correction

Interferometry results
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o PS- ERA-I model atmosphere total phase
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‘Sg]mm GACOS (GPS + DEM + ECWEF high

resolution) for atmosphere correction

GACQOS ZTD map

y
M
((p)
Q

-

31°00" "

2.2

ZTD of ZTD of 20160725
20160603 master

2019 DRAGON & SYMPOSIUM 2019 ZE “itR]” W AMIS

24-28 June 2019 | Ljubljana, Slovenia 2019 5E6H 24-28 H HR&ESCRE FAa /RFEAR



‘@IHEEE

Ac uusutlon eomet
700 T q 9 Y T

TomoSAR Imaging Spaceborne X-band
Simulation and 3D imaging Results
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(®,c.. TOMOSAR Test in Zipingpu Dam,China

.10° Zipingpu Dam, Dujiangyan, Sichuan, China
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c)SRTM 30m DEM

a)SAR imaging stacks
mean map d) TanDEM-X DEM 12m DEM

2019 DRAGON 4 SYMPOSIUM

24-28 June 2019 | Ljubljana, Slovenia




TomoSAR Height inversion Results via s

Az Compressive sensing (CS) {cesa

TomoSAR imaging result of
COSMO-SkyMed Spotlight
data (1 m resolution)

TanDEM-X 12m DEM
(12 m resolution)
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0?” TomoSAR Height and deformation Results via C
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& TomoSAR Height inversion Results via s
c,c]f#?ﬂ?ﬂ Compresswe sensing (CS) over San Francisco \* ceSa

{b) Height conig4rjSen
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@ TomoSAR Height inversion Results via
( - Coeresswe sensmg (CS) over San Francisco

aZ|muth [m]

(a) Azimuth test line on SAR image
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(b) Height comparison at the azimuth test line

2019 DRAGON 4 SYMPOSIUM

24—28 June 2019 | Ljubljana, Slovenia ' ' ' ' :

range [m]




—

"7

®
0
Q)

‘_@/ﬂgﬂt,‘ Conclusion

Tomographic data exhibit a more complex dependence of terrain
topography than traditional SAR data.

- Lidar forest height is not matched in Sar geometry, while it is well
matched in ground geometry relative to DEM.

- Orbital, tropospheric phase distortion and DEM correction are
indispensable in 3-D SAR imaging (SAR tomography) and 4-D SAR imaging
methods via Compressive sensing.

- The results demonstrate that L band data are fit for the structure
reconstruction of forests and manufacture facilities (bridge, building, and so
on), but the resolution is not very high. X band has little penetration
capability, which cannot be used for forest structure reconstruction.
However, it can be used for 3D TomoSAR imaging, the retrieval of the top
position of the canopy, the shape of the man-made structure (dam,
buildings and manufactured facilities) and the top of the 3D terrain, which
is best for high resolution DSM acquisition and target detection.
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Thank you!

2019 DRAGON & SYMPOSIUM 2019 £ “itRI” A4S

24-28 June 2019 | Ljubljana, Slovenia 2019 fE6H 24-28 H W& 57 /RHERR



